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Abstract 
In an education system, empowerment of a practical approach is vital in the effectiveness of teaching and learning process. 
Active learning based on experience or practical activities can positively improve aspects of interest, motivation, and 
understanding towards learning as well as student achievement. This study aims to look at the relationship between the 
environment, such as flora and fauna and its relation to the concept of mathematics, for example fractal in the active learning 
process. Paku Pakis Park in UKM is taken as a natural learning laboratory for learning mathematics and the park becomes a 
natural laboratory for student-centered learning. Definition and characteristics of fractal were derived from the observation of 
ferns and discussions led to the use of fractal in programming. Thus, learning through the environment is capable of producing 
theories and practical activities outside classroom are able to increase students’ appreciations and understanding of mathematics. 
© 2011 Published by Elsevier Ltd. Selection and/or peer reviewed under responsibility of the UKM Teaching and Learning 
Congress 2011. 
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1. Introduction 
In the education system, the empowerment of a practical approach is crucial in the effectiveness of teaching and 
learning process. Science usually involves theoretical and practical activities. It can move from a general statement 
that can be seen as a principle and translated into a specific situation deductively, while in practical work, an 
observation or laws can be derived inductively based on data sets obtained from experimental work (Khalijah & Nor 
Sakinah, 2009). Sometimes these laws can be observed from the environment that exists between heaven and earth. 
Allah says, "Indeed, in the process of creation of the heavens and the earth, the rotation of day and night are signs 
for ulul-albab." (QS.3: 190). 
According to the Quran, ulul-albab is a special group of people whom is given the privilege by God. Among the 
privileges are that they are given wisdom, intelligence, and knowledge: "God gives wisdom to whom He wills. And 
whoever is given wisdom, really been given a lot of welfare. And none will grasp unless ulul-albab. " (Verse 2:269). 
Among the elements of the nature that can be learned are the flora and fauna, movements from human and animals 
as well as the creation of the universe that can be described using mathematical representation. 
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Abdus Salam, a Muslim Nobel laureate, says that the Quran teaches people two things, which are meditation 
(tafakur) and tasyakur, which means contemplating the creation of God in the heavens and the earth, then grasp the 
laws in the universe, which is now referred to as science. Meanwhile, tasyakur is taking advantage of Allah 
blessings with the mind, until the blessings is amplified. In modern times, tasyakur is referred to as technology. 
Ulul-albab ponders on God's creation, and is always trying to develop such knowledge, so the blessings are 
multiplied. Thus through contemplating the creation of God around us inspires human being with theories and 
practical activities which then result in creativity and innovation. This inspiration is able to develop students and the 
community to be the ulul albab group. 
Several studies have been done regarding the implementation of practical activities in education. Zuber (in 
Abdullah, 1998) found that education based on inquiries overcome the traditional methods to improve student 
attitudes and achievement. Although many disadvantages reported in the implementation of field work or practical 
activities on the subject of geography (Tajudin in Abdullah 1998), but Ng (2004) and Mohd. Salmi et al. (2010) 
found that learning process based on practical experience or activity can improve aspects of interest, motivation, 
understanding and achievement of students in a positive direction. NurzatulShima et al. (2009) also agree that 
students’ involvement in science practical is high when the teacher manage the students by dividing them into a 
smaller group. 
Research done by Lindblom-Yla¨nne et al. (2011) found that relations between the reflection on teaching and self 
regulation through constructing one’s own approach to teaching provides some insight into developing teaching at 
university. The teachers had analysed their own study experiences and the teaching traditions of their disciplines and 
developed their own ways of teaching. An interesting result was that less experienced teachers were well 
represented in this group. This indicates that new teachers and teachers who had only a few years of experience 
seemed to be going through a process during which they reflected deeply on their approaches to teaching and on 
strategies. Thus developing student’s inquiry into teaching should be included in the teaching and learning process 
and this study suggested that teaching experience does not become a factor. 
In this paper, the study of flora and its relation to mathematics is highlighted based on practical. Studies on the 
ferns which can be found in the Paku-Pakis Park UKM are used to work about the concept of fractal. Definition and 
fractal characteristics are discussed, which lead to the use of fractal in programming. In this paper, we also discuss 
the magnification of symmetry and its relations to fractal and chaos. 
2. Methodology 
In this research, the Paku Pakis Park in UKM has been chosen as a learning laboratory to collect few examples of 
fractals in nature.  From the observation, students are able to grasp and discuss the characteristics of fractal and 
techniques to produce fractal. In this paper, a self-similarity concept is shown and a simple recursive function is 
discussed which lead to concept of fractal. 
2.1  Self-similarity Concept  
A fractal has been defined as a rough or fragmented geometric shape that can be split into parts, each of which is 
a reduced-size copy of the whole, which is a property called self-similarity. Fractal exists in human body, i.e the 
blood vessels. In addition, fractal can be seen in the environment, which include clouds, mountain ranges, lightning 
bolts, coastlines, snow flakes, various vegetables (cauliflower and broccoli), and animal coloration patterns. 
Extension of self-similarity concepts was done by Hutchinson (1981) who proved the concept mathematically. 
In this example, ferns when were viewed up close, we can see that each of the leaves is a repeat of the previous 
leaves with the same shape but with different scales (Figure 1). To obtain an object which is self-similar to other 
objects, the length of the small objects taken using the scaling factor, resulting to an object with the same size as the 
larger object. Examples of ferns that can be found in Paku-Pakis Park are pleocnemia irregularis dan rintis 
angiopteris as in Figure 2 and 3, respectively. When a small part of fern leaves is taken out, it will exhibit the same 
feature as the larger part of the fern leaves with different scales. 
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Figure 1. Self-similarity property found in fern 
 
 
Figure 2. Parts of Pleocnemia Irregularis fern that exhibit the self-similarity property 
 
Figure 3. Parts of Rintis Angiopteris fern that exhibit the self-similarity property 
 
2.1  Recursive function 
Fractal is a result of a repeated procedure. Computer-generated fractals are produced mathematically, and these 
can create detailed pictures of mountains, plants, waves, and planets. Benoit Mandelbrot, who coined the term 
fractal, studied nature to look for fractal behavior (Mandelbrot, 1977). From the creation of Allah, general 
symmetrical principles are obtained which are the reflection symmetry (through the line or mirror image), rotation 
(n-times), and translation. Advanced discussions lead to magnification principles of fractal symmetry.  
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Mathematically generated fractals can be made from both real and complex numbers. An example of real number 
fractal is the Serpinski Triangle, which can depicted in Figure 4. Meanwhile, an example of complex number is 
taken from Mandelbrot’s most famous contribution, the set of points in the complex plain, now known as the 
Mandelbrot set, which form an amazing fractal. 
 
Figure 4. Sierpinsky Triangle being repeated up to 10 iterations 
 
These are the first five iterations of the Sierpinski triangle. As the triangle is broken up more and more, each of 
the smaller triangles is simply a repetition of the initial triangle. The fractal itself is what would be obtained after an 
infinite number of iterations (Brown, 2009). 
 
The example of fractal complex number is obtained by studying the function, 
 
fc(z) = z2 + c 
 
by putting in different values of z. This leads to a Julia set, named after a French mathematician, Gaston Julia. For 
example, if a point is chosen, say  
z0 = 0.5 + 0.75 i, 
 
and by squaring the complex number and adding the result to the original number, a new number is produced, 
 
z1 = 1.3125 + 0.96 i. 
 
This process can be written as a function,  
z1 = z02 + z0. 
 
The iteration process continues to produce a sequence of numbers, 
 
z0, z02 + z0, (z02 + z0)2 + z0, ((z02 + z0)2 + z0)2 + z0, ... 
 
and this can be written as a recursive function  
zn+1 = zn2 + z0. 
2.3  Fractal production 
Fractal geometry can be produced using a variety of ways. Four common techniques used to produce a fractal is a 
fractal orbit, iterative function systems, random fractal, and strange attractor fractal. Fractal geometry is a point in 
the mathematical sets in a complex plane. It is defined by using a formula in each point in space, for example, 
Mandelbrot set, Julia sets, Nova fractal and others (Figure 5). 
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Figure 5. Examples of Julia sets, Mandelbrot set, and Nova fractal 
 
Fractal produced from iterative function system posesses commutative rules of a  fixed geometry, such as Cantor 
sets, Sierpinski carpets and Koch snowflakes as shown in Figure 6. Fractal of fern is also produced using this 
technique. The random fractal is generated using stochastic processes rather than deterministic processes, such as 
the trajectory of Brownian motion, Lévy flight, and  landscape fractal and Brown trees (Figure 7). Strange attractor 
method uses iteration of a map or an initial value solution for a different system that produces chaos, such as Lorenz 



















with σ =10, ρ = 23.5, and β = 8/3 and graphically as in Figure 8. 
 
  
Figure 6. Examples of Cantor sets, Sierpinski carpets and Koch snowflakes 
 
 
Figure 7. Examples of Brown tree and Brownian motion 




Figure 8. Examples of Lorenz Attractor 
 
Fern fractal can be produced using iterated function system (IFS), which is made up of the union of several copies of 
itself, each copy being transformed by a function (hence function system). IFS can be defined as a finite set of 
contraction mappings on a complete metric space, 
^ `: 1,2, , , .if X X i N No  1  
This is an iterated function system if each fi is a contraction on the complete metric space X (Barnsley 1988). The 
canonical example is the Sierpinski gasket also called the Sierpinski triangle. The functions are normally contractive 
which means they bring points closer together and make shapes smaller. Hence the shape of an IFS fractal is made 
up of several possibly-overlapping smaller copies of itself, each of which is also made up of copies of itself. The IFS 
can be generated computationally and through programming, various kinds of fractals are produced. Examples are 
fractal flame algorithm (Draves & Reckase, 2008) and fractal using the IFS kit.  
3. Discussions 
Most of the terms used in the production of fractals are very familiar to tertiary level students. For example, 
students learned about functions and affine transformation which includes rotation, linear transformation, and scale 
invariance. Through studying nature, fern leaves for example, they learn geometry through the concept of self-
similarity and algebra through the concept of affine transformation. They also learn differential equation that leads 
to Lorenz attractor in chaos theory. Other topics include Banach spaces, converges of series and Cauchy sequences 
in Calculus Complex, Abstract Algebra and Real Analysis courses, leading to Functional Analysis and Dynamical 
Analysis courses. 
During undergraduate level, they are already exposed to most of the terms and topics and equipped themselves 
with basic knowledge thus further studies on advanced mathematics can be preceded during an active learning 
process. By using the Paku Pakis Park as a learning laboratory, students will engage in an inquiry education process 
and students are encouraged to be independent, creative and innovative in their learning process. This module will 
develop students to be part of an ulul albab group who expand Allah’s blessing into useful technological products. 
During the process of an active learning, students tend to be very positive and motivated towards their engaged 
field of study. It is found that later in their final year research project during their final semester students are able to 
come out with their own research titles and they did not seem to depend on their supervisors regarding this matter 
(Ummul Khair Salma et al., 2010). Research also showed that engaging in active learning improves their self-
development, self-discipline, self-learning skills, as well as generates new knowledge (Rokiah et al., 2011). Thus an 
active learning through practical activities outside the classroom is able to increase students’ appreciations and 
understanding of the subject matter.  
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4. Conclusion 
This study used Paku Pakis Park in UKM as a natural laboratory. All scientific tools are provided by nature and 
students could make the most of their thinking in the learning process. A lot of topics learned during the 
undergraduate courses can be referred during the practical activities and a vast of knowledge can be grasped by 
students through Allah’s creation. Based on this study, it can be concluded that active learning can be done in a 
tertiary education level. The process of learning through practical activities teaches students to be independent and 
creative to further their research work during final year project. Using Paku Pakis Park, students are able to learn 
through the environment. Knowledge from nature is capable of producing theories and practical activities outside 
the classroom are able to increase students’ appreciations and understanding of mathematics. Although our study 
focused on only mathematical field and an undergraduate program, the findings have potential implications on other 
fields and level of study. 
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